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dl'hl·mll.,"\, Fig\ll" i. The mJ~.' (if the, 
'\' .. '!np1" }." dt.'h. ·r; !Jil\'.~d ~·\ften.\';\l·d hy ,~x
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b('~, •. \.' ~H it hn ;:1': \'"cssei :it kno\vn 
t(.·.ni..I·~'l.l~ !lJ":'. '·[,h:i.~~, :he rn;\s~ :-111.\."( be: 
f.',\l('uh!h~J f~ dnt ~ ~l.:-\,\!j;d set of t·I .. V-'1' 
l\h·:~,;t:rt.·int'\\\~: :.It C'):\(~::i:):)~ i'or \vhi,J~ 
~h,,~ d!2n~,il:\' itf d:\.: If,,\fei'I,\l )[, knCt\<,T\ 

wili\ 'i"iii('l~llt ac Cl)r.,,·~'. 
Siwl~ral p", inU; sllC1ul'cJ he rnentH)IIt'cl 

reg~rciilll!, ll,;'; nwllu)cJ. One appro;lch 
is 1ft e"'\l"~i.1~dl.! I h~~ '.\"~,t(,Hl, (\Jose \~'3J 
Fip.;mc 1. inject the &;lJnpk, c:lw('. VI, 
1nel;~lIre Ilw pr('.~sun· :i\{(l therl1lo·;t'lt 
ii'!l\I)CI'::tloi'C, .ll\cJ :l"jn dos,~ V2. Tl:t~ 
,;ampk I'; tlu~n c:xp::ntkd from Ih('. 
lr,,~a.I:llred VI)lllme of t!lp ~a:nple \'cssd 
10 Io\',' prcssl.ll(· ill 11:(: v,·""d ph;; the 
nleas\li"\ld voluJlk! of the c:qx\n~:on 
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dear t iltH, [Ilr hi/rll ;-'C('I:r,\cv, :,ipdi
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ing and knowing il,.; t:>n1r('rallll'i\ with 
Sililkic\)lt ~IITIII';\\'\'. FIII11'i'l", ide,\\ ~!.;1~ 
behavior 1',IIHlot .]". ~1~;!;\I1rw(l lor the 
s;1mpho :It ;1t11l1)~;I\lll'l j;-. pn:';~"l'i' (14), 
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InstitutEI of Gil::> T v;hnolo1:Y ';; P-V-T 
appilrdtl.lS dlagrnrnrnccJ in FI8U1'c 13. 

charged fnll,;l '~(l",tl thi~ sum ()[ th,· 
m,I-'~l';; hkcJ (lilt of the V C;S~I.!i. Careful 
\V",k will, this n'bti,'cly ulIs,'pi:isti
cO-lfd sy!'tr.rn yi:.'!ds oCHsities \vit'h 
"rl'l"':, of 1,::;s ~h:lll 1: J ,000. !vfi<.:hcls, 
(:'! t~,l,:"'17) <'phite 1 (";,.!hs ,accundD to 
j: 11):0\)0 {')1' ~ ·"vry reUli'..I;l nppalJtus. 

}\ fur:hl'r ,·ari:d'i'.H\ of th(: b,lSic 
nwtiwd wit lC:h 1,,\$ h.:·c: I widelv l\~,~t1 
j:1C11.l.~!ri.Lll:.· f,,!' :r:nl',.:r:itmcs' n(':tr 
;)In[;i,'nt i, I h"t ev(>Jv<~tl 'ilv B"lIn (1 S, 
19), Figl1t ... : ;~. Th l , high l~\rc';S\1re ves
sel ,\ ilm] 1 he ":cr"l!!!,i"')) vohm,(' II am 
imw, :I'M:d ill I hc~ Srlhll, thClI1I01,t,\1 b.llb. 
The eXi";,nsio:1 voi,::rl(' ;S l'l:ialivl'ly 
s1i1:ill ~() th;\l m:llIcro\,;; expansi(\ns 
(!-II':lCo data pf,jnl&) ,lllJ ,)ht:iincd [n 
reilneo tho V!;.',1;c\ nn!~:;/)l" to ni'ar 
;-,t!l\,)spheric. The il;dmtriilJ Ullit h;)s 
1><'('n sJlOwn to vcdc! iler.,;iti0s with 
('nnrs I) f less th(l;~ 1: 1.,0(10 (10). 

Figure 13. Schematic diagram of low pressnre Vr. ~i::li ,i.:, 
volume apparatus (14). 

figure 14. Differenti;)1 P-V·T apparatus for obtaining s(lcond 
virial coefficient~'l (35), 
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